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We study semi-inclusive charmless decays B ttX, where X does not contain a charm (anti)quark. The mode 
5° Tx~ X turns out to be be particularly useful for determination of the CKM matrix element |Vui,|. We present 
the branching ratio (BR) of B'^ 7r~X as a function of \Vub\, with an estimation of possible uncertainty. The 
BR is expected to be an order of 10"*. 
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1. Introduction 

A precise measurement of the Cabibbo- 
Kobayashi-Maskawa (CKM) matrix elements [Q 
is one of the key issues in the study of B mesons 
and B factory experiments. In particular, the ac- 
curate determination of Vub is one of the most 
challenging problems in B physics. 

Theoretical and experimental studies for prob- 
ing Vub have been mostly focused on the semilep- 
tonic B meson decays. The CLEO result obtained 
using the exclusive semileptonic decay B ^ plv 
H : (in 10-3) 



\Vub\ - (3.25 ±0.14: 



:o;29±0.55(model)). 



(1) 



The OPAL data obtained using the inclusive de- 
cay B XJi> § : (in 10-3) 



\Vub\ = (4.00 ± 0.651^;°^ ± 0.19(HQE)) 



(2) 



In this work jj] we study semi-inclusive charm- 
less decays B ttX and investigate the pos- 
sibility of extracting \Vub\ from these processes. 
Compared to the exclusive decays, these semi- 
inclusive decays are generally expected to have 
less hadronic uncertainty and larger branching 
ratios. There are several possible processes in 
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B ttX type decays, such as B° 7r^^°^X, 
^ T^±(o)x^ B± ^ 7r±(°)X, where X does not 
contain a charm (anti)quark. Among these pro- 
cesses of the type B ttX, we identify a certain 
mode, B^ tt~X, whose analysis is theoreti- 
cally clean and which can be used for determin- 
ing \Vub\- Then, we calculate the branching ratio 
(BR) of i?° — > TT~X, and present the result as 
a function of | Vub \ with an estimation of possible 
uncertainty. We also consider the — i?° mixing 
effect through B° ^ B° ^n-X. 

2. Classification of semi-inclusive charm- 
less B ttX decays 

Among the semi-inclusive charmless B nX 
decays, let us first consider the mode B^ ^ tt^ X . 
Contributions for the decay amplitude of this 
mode arise from the color-favored tree (6 — > uud) 
diagram and the b —> d penguin diagram, so that 
the tree diagram contribution dominates. The 
charged pion tt" in the final state can be pro- 
duced via a W boson emission at tree level and 
is expected to be energetic 1713/2). The decay 
amplitude can be written as 



A{B° 
A{b-^ 



K^X) 

'u) ■ h{ud 



X[ud)) 



(3) 



where h denotes a hadronization function describ- 
ing the combination of the ud pair to make the 
final state X. To obtain the decay rate, X{ud) 
should be summed over all the possible states, 
such as tt+tt", tttttt etc, so this process is effec- 
tively a fwo-body decay process of 6 ^ tt^m. 
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Thus, in this mode, no hadronic form factors are 
involved, and as a result the model-dependence 
and uncertainty relevant to hadronic form fac- 
tors do not appear. We note that the energetic 
charged pion tt^ in the final state can be a char- 
acteristic signal for this mode. (The net electric 
charge of X should be positive so that tt" cannot 
be produced in the case of X = tttt.) 

Now let us consider the mode B~ tt^X. 
Various contributions are responsible for this pro- 
cess : the color-favored tree diagram, the color- 
suppressed tree diagram, the 6 — > d and b ^ s 
penguin diagrams. The color- favored tree contri- 
bution and one of 6 ^ d penguin contributions 
are similar to those in n^X, which are 

effectively two-body type {b 7r~u) processes. 
But, the color-suppressed tree and other penguins 



differ from those in B 



TT X. In fact, these di- 



agrams correspond to a three-body decay process 
of — > Ti^uu in the parton model approxima- 
tion. The charged pion 7r~ in the final state con- 
tains the spectator antiquark u. So the analysis 
involves the hadronic form factor for the _B — > tt 
transition which is model-dependent. Further- 
more, the 6 — > s penguin contribution is not sup- 
pressed compared to the tree contributions, but 
dominant in this mode. Therefore, compared to 
the case of — > 7r~X, the analysis of this mode 
is much more complicated and involves larger un- 
certainty. 

Other modes of the type B ttX can be 
similarly classified. For instance, in the mode 
— > 7r~X, the color- favored tree (b — > uud and 
b — > uus) diagrams and the b d and 6 — > s pen- 
guin diagrams are responsible for the decay pro- 
cess. In this case, the charged pion 7r~ contains 
the spectator quark d so that the process is effec- 
tively a three-body decay i?° Ti~ud (s) and the 
hadronic form factor for the B —> t: transition is 
involved. Other processes are effectively a com- 
bination of the two-body decay process (b — > Trq) 
and the three-body decay process {B^ ir^qq'). 



certainty from hadronic form factors is involved. 
Thus, its theoretical analysis is expected to be 
quite clean. 

We calculate the BR of the process B'^ n^X, 
where X can contain an up quark and a down 
antiquark. We use the effective Hamiltonian and 
the effective Wilson coefficients given in Ref. 
The BR can be expressed as a polynomial of \Vub\- 



Vub 



0.004 



rT^X) 

B2 + 



0.004 



Bi + Bo 



(4) 



where for convenience we have scaled \ Vub\ by the 
factor 0.004 (the central value of the OPAL data). 
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Figure 1. The branching ratio (in 10""*) versus 
Nc for TT^X decay. Btot{= B) has been 

calculated using \Vub\ = 0.004 and is denoted 
by the bold solid line. The solid, dotted, and 
dashed lines correspond to 7 = 65", 85°, 110°, 
respectively. 



3. Analysis of i?° tt X decay 

We have seen that the process B^ — > tt^ X is 
particularly interesting, because it is effectively 
the two-body decay process b — > ■n~u and no un- 



In Figure 1, we present the BR of ^ tt^X 
as a function of the effective number of color 
for three different values of the CP phase an- 
gle 7(= 03) = 65°, 85°, 110°. B2 and Sq are 
independent of 7(= (p^), and only Bi depends 
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on 7(= (ps). Three different lines for Bi corre- 
spond to the relevant values of j{= 4)3), respec- 
tively. It is clearly shown that B2 is dominant. 
An reperesentative value of B for \Vub\ = 0.004 
and 7(= ^3) — 85" is shown as the bold solid line 
in the figure. The value of B does not vary much 
as Nc varies. 



ror: e.g., for B — (1.0 ± 0.1) x 10 ^, our result 
expects \Vub\ = (3.7 ± 0.47) x lO-^.) 

Using the decay process — > Tr~X, one may 
need to consider the B'^ — B° mixing effect: 5° 
B° TT~X. The neutral B° has about 18% prob- 
ability of decaying as the opposite flavor B^ [^. 
It turns out Q that even considering the effect 
from the — 5" mixing, our result holds with 
resonable accuracy. 



4. Conclusion 
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Figure 2. The branching ratio (in 10^**) versus 
\Vub\ for i?° TT^ X decay. The solid and the 
dotted line correspond to the smallest and the 
largest value of B in the given parameter space, 
respectively. 



In Figure 2, the BR of B^ ^ tt^ X is presented 
as a function of \Vub\- We vary the value of Nc 
and 7(= 03 ) in a reasonable range: from Nc = 2 
to 10, and from 7(= (jy^,) = 60" to 110". The solid 
and the dotted line correspond to the smallest 
and the largest value of B in the given parameter 
space, respectively. The BR is an order of 10^'*. 
For the given \Vub\, the BR B is estimated with 
a relatively small error (< 15%). Reversely, for 
the given (i.e., experimentally measured) BR B, 
the value of | Vub \ can be determined with a small 
error (< 10%). (Of course, since in a practical ex- 
periment the BR would be measured with some 
errors, \Vub\ could be determined with larger er- 



We have shown that among semi-inclusive 
charmless B nX decays, the process B° — *■ 
w~X is particularly interesting and one can de- 
termine 1 14b I with reasonable accuracy, by mea- 
suring the BR of B" tt-X. 
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